A novel halophilic bacterium, strain GSS13
The genus Bacillus represents Gram-stain-positive, aerobic or facultatively anaerobic bacteria that exist in a large variety of aquatic and terrestrial environments [1] . In 2015, the halophilic, non-spore forming, Gram-stain-positive bacteria Salibacterium qingdaonense and Salibacterium halochares, which were originally assigned to the genus Bacillus, have been reclassified as members of a novel genus Salibacterium by Reddy et al. [2] . At the time of writing, the genus Salibacterium contained three species with validly published names, with the type species Salibacterium halotolerans. They have been isolated from saline or hypersaline environments such as sea salt sample, solar saltern and marine sediment [2] [3] [4] . Members of genus Salibacterium shared characteristics of being Gram-stain-positive, non-motile, rod-shaped, non-endospore-forming and catalase-positive, containing MK-7 as the predominant isoprenoid quinone, anteiso-C 15 : 0 and anteiso-C 17 : 0 as the major cellular fatty acids and 48-48.9 mol% DNA G+C contents [2] .
While screening halophilic bacteria from a sediment sample collected at Yuncheng Saline Lake, PR China, we isolated an aerobic, Gram-stain-positive and non-spore forming halophilic bacterium, designated as strain GSS13
T . On the basis of phenotypic characteristics, the results of chemotaxonomic analysis and genotypic data, this isolate was assigned to a novel species of the genus Salibacterium. S. halotolerans CGMCC 1.15324 T , S. qingdaonensis CIP 109642 T and S. halochares DSMZ 21373 T were used as reference strains and their features were compared with those of GSS13
T under the same laboratory conditions.
The samples for bacterial isolation were obtained from the sediment of Yuncheng Saline Lake, located in Yuncheng, Shanxi Province, North China (110 o 41¢ 23 † E 34 o 48¢ 27 † N) in August 2015, and then stored at 4 C. For screening halophilic bacteria, 5 g sediment samples were inoculated into 45 ml sterilized modified LB (MLB) liquid media, and incubated on a shaker with a speed of 200 r.p.m. at 30 C for 5 days. The MLB liquid medium contained (g l À1 ) 10.0 g casein tryptone, 5.0 g yeast extract and 200 g NaCl (pH 7.2-7.6). Solid MLB media were prepared by adding 2 % (w/v) agar. Afterwards, 10 ml enriched cultures were taken and inoculated to fresh MLB media. This procedure was repeated three times. Dilutions of 0.1 ml of the cultures were spread onto MLB agar plates. After three days of incubation, colonies were picked out and subcultured to obtain pure isolates. All isolates were stored at À80 C in MLB supplemented with 15 % (v/v) glycerol.
Cell morphology and size were examined using a transmission electron microscope (TEM) (JEM-1400, JEOL) after three days of growth on MLB agar at 30 C. In preparation for electron microscopy, bacterial cells were suspended in phosphate buffer solution (140 mM NaCl, 2.7 mM KCl, 10 mM Na 2 HPO 4 , and 1.8 mM KH 2 PO 4 , pH 7.4), dried on a nickel-coated mesh and negatively stained with phosphotungstic acid. Endospores were observed with a light microscope after cells were grown at 30 C for three days according to the protocol of Vaz-Moreira et al. [5] . The motility of cells was tested using the hanging-drop method [6] . The Gram-stain reaction was performed according to the classical procedure described by Doetsch [7] . Colony morphology was observed on MLB agar after three days at 30 C. Growth at different temperatures (4, 10, 15, 20, 25, 30, 37, 40, 42, 45 , 50, 55 and 60 C) was investigated in MLB for up to 1 week. The effect of pH (range 5.0-12.0, with intervals of 0.5 pH units) on growth was tested (with K 2 HPO 4 /KH 2 PO4 buffer for pH 5.0-8.0; NaHCO 3 /NaOH buffer for pH 8.5-11.0 and Na 2 CO 3 /NaOH buffer for pH 11.5-12.0). NaCl tolerance for growth was examined in LB containing 0-30 % NaCl (w/v) with increments of 1 %. Oxidative or fermentative utilization of glucose was determined on Hugh and Leifson's medium [8] . Oxidase activity was determined using an oxidase reagent (bioM erieux) and catalase activity was tested by a bubble production assay with 3 % (v/v) H 2 O 2 [9] . Reduction of nitrate was determined according to the methods described by Pettersson et al. [10] . Urease activity, hydrolyses of aesculin, starch and casein, indole production and Voges-Proskauer tests were performed as recommended by Smibert and Krieg [11] . Citrate utilization, b-galactosidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase, H 2 S production and gelatin hydrolysis were examined by the classical methods described by Dong and Cai [12] . DNase activity was routinely determined using DNase test agar medium (42 g l À1 , Merck). Utilization of various substrates as sole carbon and energy sources under aerobic conditions was examined by using the API 32GN system (bioM erieux), and acid production from carbohydrates was determined by using the API 50CHB system (bioM erieux) according to the manufacturer's instructions. All of the tests were performed in duplicate.
GSS13
T was a rod-shaped, motile bacterium with polar flagellum ( Fig. 1) . GSS13
T was able to grow at 10-45 C, at pH 5.5-8.5 and in 8-28 % NaCl. Optimum growth occurred on media containing 24 % (w/v) NaCl at 30 C and pH 7.0. Detailed characteristics are included in Table 1 and the species description.
For determination of chemotaxonomic characteristics, cells were grown in MLB for five days, harvested by centrifugation, washed with distilled water and freeze-dried. Respiratory quinones were extracted according to the methods of Collins et al. [13] and separated by HPLC [14] . Polar lipids were extracted using a chloroform/methanol system and analysed using two-dimensional TLC as described previously [15] . Analyses of whole-cell fatty acids of GSS13 T , S. halotolerans S7 T , S. qingdaonense CM1 T and S. halochares MSS4 T were carried out using GC and the Microbial Identification System TSBA 6.0 after incubation in MLB at 37 C [16] . Polar lipids from GSS13 T were extracted using a chloroform/methanol system and analysed using two-dimensional TLC as described previously [17] . Merck silica gel 60 F 254 aluminium-backed thin-layer plates were used in TLC analysis. The plate dotted with sample was subjected to two-dimensional development, with the first solvent of chloroform/methanol/water (65 : 25 : 4) followed by the second solvent of chloroform/ methanol/acetic acid/water (85 : 12 : 15 : 4). The TLC plates were sprayed with sulfuric acid/ethanol (1 : 2, v/v) followed by heating at 150 C for 3 min to detect phospholipids and glycolipids. The TLC plates were also visualized by treating the plates with 10 % (w/v) molybdatophosphoric acid followed by heating at 150 C for 5 min.
T contained MK-7 as the predominant respiratory quinone. The polar lipids consisted of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, two unidentified glycolipids, an unidentified phospholipid and an unidentified lipid (Fig. S1 , available in the online version of this article), which was similar to the results for the type species of the genus, S. halotolerans [2] . As shown in Table 2 , the major fatty acids of GSS13
T were anteiso-C 17 : 0 (32.0 %) and anteiso C 15 : 0 (26.4 %). Other significant fatty acids (>5 %) detected in GSS13
T included iso-C 16 : 0 (6.7 %) and summed feature 8 (5.5 %). However, GSS13
T was distinctly different from other species of the genus Salibacterium, as it contained obviously more anteiso-C 17 : 0 than S. halotolerans S7 T and S. halochares MSS4 T , and contained more anteiso-C 15 : 0 than S. qingdaonensis CM1 T (Table 2) .
Genomic DNA was extracted using a commercial genomic DNA extraction kit (Aidlab Biotechnologies). PCR amplification of the 16S rRNA gene was performed using a bacterial universal primer set (27F and 1492R) [18] . The PCR product was purified and sequenced. Calculation of pairwise sequence similarity was carried out using the EzTaxon server (http://www.ezbiocloud.net) [19] . Multiple alignments were performed using the CLUSTAL_X program [20] . Phylogenetic trees were reconstructed using the MEGA 7.0 program with the neighbour-joining, maximum-likelihood and minimum-evolution methods [21] [22] [23] . For the neighbour-joining and minimum-evolution trees, the substitution model maximum composite likelihood method was chosen, and for the maximum-likelihood tree, the Tamura-Nei model was used. All positions containing gaps and missing data were eliminated from the dataset (complete deletion option). In each case, bootstrap values were calculated based on 1000 replications. DNA-DNA hybridization tests between GSS13 T and the reference strains S. halotolerans S7 T , S. qingdaonense CM1 T and S. halochares MSS4 T were carried out by using the filter hybridization method described by Seldin and Dubnau [24] . Hybridization values were means of results from at least two hybridization experiments (reciprocal and non-reciprocal values). The G+C content of the genomic DNA was determined by HPLC according to the method of Mesbah et al. [25] .
The closest relatives of GSS13 T were S. halotolerans S7 T , S. qingdaonense CM1 T and S. halochares MSS4 T with 16S rRNA sequence similarities of 98.7, 98.4 and 97.9 %, respectively. The phylogenetic trees grouped GSS13
T as a member of genus Salibacterium and clearly placed the novel isolate in a phylogenetic lineage with the species S. halotolerans, S. qingdaonense and S. halochares (Figs 2, S2 and S3) . The DNA-DNA relatedness between GSS13 T and S. halotolerans S7 T , S. qingdaonense CM1 T and S. halochares MSS4 T were 51.8, 42.6 and 47.8 %, respectively. The values were well below the 70 % threshold proposed for species delineation [26] , indicating that a different genomic species was represented by GSS13
T . The genomic DNA G+C content of the isolate was determined to be 52.1 mol%, slightly higher than those of other members of the genus Salibacterium.
In summary, the results of phylogenetic analysis based on the 16S rRNA gene and some physiological and biochemical characteristics (being Gram-stain-positive, aerobic and nonspore-formers) and similar chemotaxonomic characters (having MK-7 as the predominant respiratory quinone and large amounts of anteiso-C 15 : 0 and anteiso-C 17 : 0 fatty acids) supported the hypothesis that GSS13
T represents a member of the genus Salibacterium. However, the isolate could be distinguished from closely related members of the 
genus Salibacterium by a combination of differences in optimum NaCl concentration for growth and the genomic DNA G+C content, as well as by DNA-DNA relatedness values. The fatty acid composition could also be used to distinguish GSS13 T from phylogenetically related taxa. Therefore, on the basis of the polyphasic taxonomic data presented here, strain GSS13
T represents a novel species of the genus Salibacterium, for which the name Salibacterium lacus sp. nov. is proposed.
DESCRIPTION OF SALIBACTERIUM LACUS SP. NOV.
Salibacterium lacus (la¢cus. L. gen. n. lacus of a lake, pertaining to the saline lake in Yuncheng, PR China, the source of the sediment sample from which the type strain was isolated).
Cells are Gram-stain-positive, aerobic, motile, rod-shaped (1.3-3.5 µm in length and 0.6-1.8 µm in width) and nonendospore-forming. Colonies are circular, slightly raised, non-translucent and white with a diameter of 1.0-2.0 mm after incubation at 37 C for 3 days on LB with 20 % NaCl. Growth occurs in the presence of 8-28 % (w/v) NaCl with optimal growth at 24 % (w/v) NaCl, at pH 5.5-8.5 (optimum pH 7.0) and at 10-45 C (optimum 30 C). Positive for catalase, oxidase, aesculin, and b-galactosidase but negative for nitrate reduction and indole and H 2 S production. Cells can utilize L-rhamnose, N-acetyl-glucosamine, L-serine, D-mannitol and D-glucose as sole carbon and energy sources but not D-ribose, inositol, D-sucrose, maltose, itaconic acid, suberic acid, sodium acetate, lactic acid, L-alanine, glycogen, salicin, melibiose, L-fucose or sorbitol. Acid is produced from potassium 5-ketogluconate. The polar lipids are diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, two unidentified glycolipids, an unidentified phospholipid and an unidentified lipid. The isoprenoid quinone is MK-7. The predominant cellular fatty acids are anteiso-C 17 : 0 , anteiso-C 15 : 0 , iso-C 16 : 0 and summed feature 8.
The type strain is GSS13 T (=KCTC 33792=MCCC 1K00567), isolated from Yuncheng Saline Lake, PR China. The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain GSS13
T is KX818201. The DNA G+C content of the type strain is 52.1 mol%.
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